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Bindarit retards renal disease and prolongs survival in murine lupus
autoimmune disease. As an alternative to classical immunosuppressants in
experimental lupus nephritis, we looked at bindarit, 2-methyl-2-{[1-
phenylmethyl)-1H-indazol-3-y1]methoxy}propanoic acid, a novel mole-
cule devoid of immunosuppressive effects, which selectively reduces
chronic inflammation in rat adjuvant arthritis. Two groups of NZB/W
mice (N 5 55 for each group) were given bindarit, (50 mg/kg/day p.o.) or
vehicle starting at 2 months of age. Mice were sacrificed at 2, 6, 8 and 10
months or used for survival studies. Bindarit delayed the onset of
proteinuria (% proteinuric mice, bindarit vs. vehicle, 6 months: 0 vs. 33%
and 8 months: 7% vs. 60%, P , 0.005; 10 months: 53% vs. 80%) and
significantly (P , 0.05) protected from renal function impairment (serum
BUN, bindarit vs. vehicle: 8 months, 30 6 3 vs. 127 6 42; 10 months, 53 6
5 vs. 140 6 37 mg/dl). Appearance of anti-DNA antibodies was retarded
and survival significantly (P , 0.0001) prolonged by bindarit (% survival,
bindarit vs. vehicle: 8 months, 100% vs. 80%; 10 months, 87% vs. 40%; 12
months, 27% vs. 20%). Bindarit significantly limited glomerular hypercel-
lularity, interstitial inflammation and tubular damage. Renal expression of
monocyte chemoattractant protein (MCP-1) mRNA (Northern blot)
markedly increased (7- 12-fold in 8- 10-month-old mice vs. 2-month-old)
during the progression of nephritis in association with mononuclear cell
infiltration. Bindarit completely prevented MCP-1 up-regulation. In an-
other series of experiments, bindarit (0.25% and 0.5% medicated diet,
N 5 16 for each group) when started at 4.5 months of age in NZB/W mice
improved survival in respect to untreated mice (N 5 17) in a dose-
dependent manner (% survival: 8 months, 94% and 100%, respectively, vs.
47%; 10 months, 75% and 100% vs. 35%; 12 months, 31% and 75% vs.
12%). Survival was even more prolonged when bindarit (0.5% medicated
diet) was combined with a low dose of methylprednisolone (1.5 mg/kg i.p.),
which that only partially modifies proteinuria and survival of lupus mice,
in an additional group of animals (N 5 16). Thus, at 14.5 months when all
mice given bindarit alone died, 50% of mice on combined therapy were
still alive (P , 0.023). Studies are needed to establish whether bindarit
may function as a steroid sparing drug in human lupus.
NZB/W F1 hybrid mice have a spontaneous autoimmune
disease reminiscent of human systemic lupus erythematosus [1, 2].
The disease manifests with early antinuclear antibody formation,
development of an immune complex glomerulonephritis with
proteinuria and progression to renal insufficiency with time, that
also causes premature mortality in these mice [3]. It is a disease of
T and B cell dysfunction with autoantibodies generated in excess
amount capable to react with nuclear, cytoplasmic or cell surface
antigens to form immune complexes [3–5], which first circulate
and subsequently deposit in various organs, including the kidney.
In the kidney glomerular subendothelial and mesangial immune
deposits evoke an inflammatory reaction due to the recruitment of
mononuclear circulating cells [3, 6]. Cytokines and chemoattrac-
tants generated in exuberant amount by renal resident and
infiltrating cells amplify and perpetuate immune complex-medi-
ated injury. Thus, in lupus autoimmune mice gene expression and
actual production of interleukin-1 (IL-1) and tumor necrosis
factor (TNF) in the renal cortex increased during the evolution of
the disease [7]. Up-regulation of interleukin-6 (IL-6) mRNA has
been reported in glomeruli of MRL-lpr/lpr lupus mice [8] and in
patients with active lupus nephritis IL-6 is excreted in abnormally
high amount in the urine [9, 10]. Interleukin-6 as well as IL-1 and
TNF mRNAs were found in monocytes/macrophages infiltrating
glomeruli and renal interstitium and at a lesser extent in glomer-
ular mesangial and epithelial cells [11]. Also very recently a
number of accurate studies consistently found a role for monocyte
chemoattractant protein-1 (MCP-1) in the renal recruitment of
inflammatory cells in experimental and human lupus. We have
reported the case of a progressive time-dependent up-regulation
of renal MCP-1 gene in NZB/W mice that closely paralleled the
time course of mononuclear cell infiltration in the kidney [12].
Also in humans, cases with active lupus nephritis had higher levels
of urinary MCP-1 than in the inactive phase of the disease [13]
and excessive urinary MCP-1 strongly correlated with the degree
of leukocyte infiltration in the kidney [14]. Approaches to the
treatment of lupus nephritis include immunosuppressants to
reduce immune complexes, associated with anti-inflammatory
drugs mainly steroids [6, 15, 16] that potently limit up-regulation
of cytokine and chemokine genes in activated cells [17, 18]. Both
categories of drugs cause major side effects, the most severe of
which remain infections and cancer, which seriously limit the
quality of life of lupus patients [6, 16]. As alternatives, one may
wish to use more modern drugs, to modulate formation and
deposition of immune complexes, that could theoretically be less
toxic than the classical ones. Along this line mycophenolate
mofetil, by virtue of its selective antiproliferative activity on T-
and B-lymphocytes and its good tolerability, has been recently
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administered to NZB/W mice and found to effectively delay
development of renal disease and prolong life survival [19].
Another possibility is to intervene on the inflammatory reaction
that follows immune complex deposition in relevant organs and
contribute substantially to their dysfunction.
Bindarit or 2-methyl-2-{[1-phenylmethyl)-1H-indazol-3-yl]me-
thoxy}propanoic acid, is a novel molecule that has no immuno-
suppressive properties but instead inhibits production and glyco-
sylation of acute phase proteins [20] and selectively reduces
chronic inflammation in rat adjuvant arthritis [21, 22]. Bindarit at
variance with aspirin-like drugs and anti-inflammatory steroids
does not inhibit cyclooxygenase nor lipoxygenase enzymes and has
no appreciable effects in vivo on primary inflammatory response
[21]. The present study was designed to evaluate whether bindarit,
given either in preventive or therapeutic regimen, were effective
in retarding development of renal disease and prolonging survival
of lupus prone NZB/W mice. We also wanted to understand
whether beneficial effects of bindarit were associated to a reduc-
tion of excessive renal MCP-1 synthesis, strongly suspected,
among inflammatory mediators, to have functional importance as
effector mechanism of disease in lupus nephritis.
METHODS
Experimental design
NZB/W F1 female mice (Charles River Italia s.p.a., Calco,
Italy), two months of age at the start of the experiment, were used.
Animal care and treatment were conducted in conformity with the
institutional guidelines that are in compliance with national and
international laws and policies (EEC Council Directive 86/609,
OJL 358, Dec 1987; NIH Guide for the Care and Use of Laboratory
Animals, NIH Publication No. 85-23, 1985). Animals were housed
in a constant temperature room with a 12-hour dark 12-hour light
cycle and fed a standard diet.
Experiment 1: Preventive study. We investigated the effect of an
early treatment with bindarit in NZB/W mice, starting at two
months of age before the onset of renal disease [1, 2]. NZB/W
mice were divided in two groups. Group 1 (N 5 55 mice) was
given bindarit or 2-methyl-2-{[1-phenylmethyl)-1H-indazol-3-
yl]methoxy}propanoic acid (ACRAF, Aprilia, Italy) as a daily
administration at the dose of 50 mg/kg by gavage [23]. Group 2
(N 5 55 mice) received the drug vehicle (0.5% carboxy-methyl-
cellulose; Sigma Chemical Co, St. Louis, MO, USA). For each
group animals were sacrified at 2 (basal, N 5 5), 6 (N 5 10), 8
(N 5 10) and 10 (N 5 15) months of age or used for survival
studies (N 5 15). At two months of age before starting treatment,
all mice were housed in metabolic cages and 24 hour urines were
collected for determination of basal urinary protein excretion
levels. Baseline values of urinary protein excretion ranged from
0.3 to 2.9 mg/day. Thus, levels exceeding 3 mg/day during the
subsequent follow-up were considered abnormal. Urinary protein
excretion was then measured every two weeks. Blood was col-
lected for serum BUN measurements at 2 (basal), 6, 8 and 10
months of age. Serum anti-DNA antibodies were measured
before treatment for baseline values and then at 6, 8, and 10
months of age. Body weight was evaluated monthly. At sacrifice
renal tissue specimens were removed for histologic analysis by
light (all mice) and electron microscopy (N 5 5 mice for each
group of sacrifice, randomly selected) and for RNA extraction and
Northern blot analysis of MCP-1 (all mice).
Experiment 2: Therapeutic study. We evaluated whether bindarit
were effective in prolonging survival of lupus mice also when
treatment started at 4.5 months of age, a time when immune
complex deposition is actively taking place [1, 24]. The 4.5-month-
old NZB/W mice were randomly allocated to the following
groups: Group 3 (N 5 16) was given a bindarit 0.25% medicated
diet; Group 4 (N 5 16) was given a bindarit 0.5% medicated diet,
a dose found to be effective as 50 mg/kg p.o. in prolonging lifespan
of lupus mice in a preliminary study [23]. Treatment lasted until
animal survival. We choose medicated diet as route of adminis-
tration since it permits a more constant plasma level of the drug
to be maintained than administration by gavage (Data on file).
Group 5 (N 5 17) mice were untreated and used as control.
In order to evaluate whether bindarit can help ‘sparing’ ste-
roids, we combined it with a low dose of methylprednisolone
(MPS) that only partially modified urinary protein excretion and
survival of lupus mice [25]. Two additional groups of NZB/W mice
were considered. Group 6 (N 5 16 mice) was given a bindarit
0.5% medicated diet starting at 4.5 months of age until animals
died and MPS (Urbason, Hoechst s.p.a, Milano, Italy) for 3
months at the dose of 1.5 mg/kg i.p., starting at 4.5 months of age.
Group 7 (N 5 16) was given MPS daily (1.5 mg/kg i.p.) for 3
months starting at 4.5 months of age. Low dose of MPS and time
of administration were chosen according to Gelfand et al [25].
Animals were followed until they died or were sacrified when
terminally ill. Renal morphology was evaluated by light micros-
copy in biopsies from mice that were terminally ill.
Proteinuria and renal function
Urinary protein concentration was determined by the Coomas-
sie blue G dye-binding assay with bovine serum albumin as
standard [26]. Renal function was assessed as blood urea nitrogen
(BUN) on serum samples using an enzymatic UV Rate by Sincron
CX-5 (Beckman, Fullerton, CA, USA). The BUN levels exceeding
30 mg/dl were considered abnormal (normal range in our labora-
tory is 14 to 29 mg/dl); BUN data were expressed as mean 6 SE.
Anti-DNA antibodies
The levels of anti-dsDNA autoantibodies were evaluated by an
enzyme-immunoassay (Diastat anti-ds DNA kit; Bouty Labora-
tory, Milano, Italy) as previously described [19]. The assay was
carried out according to the manufacturer’s instructions with a
modification due to the replacement of the alkaline phosphatase
(AP) conjugated goat anti-human immunoglobulin (Ig) G1M
antibody with an AP-conjugated goat anti-mouse IgG1M anti-
body. Each serum sample, diluted 1:200 in assay diluent buffer,
was plated in antigen (calf thymus DNA)-coated 96 well micro-
plates; in addition, three different concentrations of the standard
anti-dsDNA antibody were plated. Plates were then incubated for
30 minutes at 37°C and subsequently washed four times with 250
ml of washing buffer. Then, 100 ml of a 1:500 dilution in assay
diluent buffer of AP-conjugated goat anti-mouse IgG1M anti-
bodies (Sigma) were added to the wells containing the mouse
serum samples, whereas 100 ml of a 1:100 dilution of AP-
conjugated anti-human IgG1M antibodies were added to the
wells in which the standard had been plated. Control wells were
prepared both for the anti-human Ig and for the anti-mouse Ig
antibodies in order to verify different background levels. Plates
were then incubated and washed as above. Finally, 100 ml of
substrate buffer, in which “Sigma 104” tablets had been dissolved
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(1 tablet/5 ml of substrate buffer), were then added to each well.
After incubation for 45 minutes at 37°C, plates were read at 405
nm in a Titertek Multiskan Plus apparatus (Flow Labs., Milano,
Italy). A standard curve was established for each plate and used to
calculate the units/ml (U/ml) present in each specimen. As the
standards provided in the kit were referred to human autoanti-
bodies, whereas in the present work murine antibodies were
measured, the results are hereafter expressed in “Equivalents” of
U/ml of autoantibodies.
Renal morphology
Light microscopy. Fragments of renal cortex were fixed in
Dubosq-Brazil, dehydrated in alcohol and embedded in paraffin.
Sections (3 mm) were stained with hematoxylin and eosin, Mas-
son’s trichrome, periodic acid-Schiff’s reagent (PAS stain). Each
biopsy included at least 100 glomeruli. Glomerular intracapillary
hypercellularity was quantitated by a scoring system from 0 to 31
(0 5 no hypercellularity; 11 5 mild; 21 5 moderate; 31 5
severe). Extracapillary proliferation was graded from 0 to 31 (0 5
no hypercellularity; 11 5 less than 25% of glomeruli involved; 21
5 25% to 50% of glomeruli involved; 31 5 more than 50% of
glomeruli involved). Glomerular deposits were graded from 0 to
31 (0 5 no deposits; 11 5 less than 25% of glomeruli involved;
21 5 25% to 50% of glomeruli involved; 31 5 more than 50% of
glomeruli involved). Tubular (atrophy, casts and dilation) and
interstitial changes (fibrosis and inflammation) were graded from
0 to 31 (0 5 no changes; 11 5 changes affecting less than 25%
of the sample; 21 5 changes affecting 25 to 50% of the sample;
31 5 changes affecting more than 50% of the sample). At least
100 glomeruli were scored per sample, and 10 to 18 fields per
sample were examined at low magnification (103) for histologic
scoring of the interstitium. All renal biopsies have been analyzed
by the same pathologist, in a single-blinded fashion.
Immunofluorescence. Studies were carried out on fresh frozen
tissue. Sections 3 mm thick were cut, fixed in acetone, washed with
phosphate buffer saline pH 7.4 for 10 minutes and stained with
fluorescein isothiocyanate conjugated to antibodies to mouse IgG,
IgM, and C3 (N.L. Cappel Laboratories Inc., West Chester, PA,
USA). Sections were rinsed in phosphate buffer saline pH 7.4 for
45 minutes at room temperature, and examined in a Leitz
orthomat microscope under ultraviolet light (Ernst Leitz, Wetzlar,
Germany). Glomerular staining to different antibodies was
graded from 0 to 31 (0 5 no staining; 11 5 faint staining; 21 5
intense staining; 31 5 very intense staining).
Electron microscopy. Small fragments of kidney were fixed in
2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for four
hours at 4°C. Samples were washed in cacodylate buffer and
subsequently postfixed in 1% osmium tetroxide for one hour.
After a brief wash in cacodylate buffer, they were dehydrated
through ascending grades of alcohol and embedded in Epon resin.
Sections were cut on an LKB V ultramicrotome. Semithin sections
were stained with toluidine blue in borax and examined by light
microscopy. Ultrathin sections were stained with uranyl acetate
and lead citrate and then examined with a Zeiss EM 109.
RNA isolation and Northern blot analysis
Total RNA was isolated from mouse kidneys by the guanidium
isothiocyanate/cesium chloride procedure as previously described
[27]. For mRNA preparation total RNA of kidneys of each group
of NZB/W mice was pooled together. Poly (A)1 RNA was
selected by oligo (dT)-cellulose column chromatography (mRNA
separator; Clontech, Palo Alto, CA, USA). Seven micrograms of
mRNA were then fractionated on 1.2% agarose gel and blotted
onto synthetic membranes (Gene Screen Plus; New England
Nuclear, Boston, MA, USA). Plasmid containing murine JE/
MCP-1 probe was kindly provided by Dr. Charles D. Stiles
(Harvard Medical School and Dana-Faber Cancer Institute, Bos-
ton, MA, USA). Monocyte chemoattractant protein-1 (MCP-1)
mRNA was detected by using the 577 base pair (bp) of a MCP-1
cDNA [28]. The cDNA fragment of MCP-1 was labeled with
a32PdCTP by random-primed method [29]. Membranes were
hybridized for 20 hours at 60°C with 1.5 3 106 cpm/labeled probe
and the filters were washed as previously described [30] and
exposed to X-ray film for autoradiography. Membranes were
subsequently probed with a glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) cDNA [31], taken as internal standard of equal
loading of the samples on the membrane. Monocyte chemoattrac-
tant protein-1 (MCP-1) mRNA optical density was normalized to
that of the constituently released GAPDH gene expression.
Statistical analysis
Data are expressed as mean 6 SE. Survival curves were analyzed
by log-rank test. Fisher’s exact test was used to analyze proteinuria
data. One-way analysis of variance with Tukey test for multiple
comparisons was used to compare the maximal concentration of
proteinuria reached (Cmax) and the time at which proteinuria was
maximal (Tmax) in control and treated groups. Proteinuria values
were log transformed before statistical analysis. Serum BUN,
anti-DNA antibodies, body weights and stimates of renal damage
by morphological studies were compared with Kruskall Wallis or
Mann-Whitney U-test as appropriate. Statistical significance was
defined as P , 0.05.
RESULTS
Experiment 1: Preventive Study
Effect on proteinuria. Cumulative percentage of mice with heavy
proteinuria (.3 mg/day) in vehicle and bindarit-treated groups
was evaluated at different stages of the disease. At 2 months of
age none of the animals was proteinuric. As shown in Figure 1 in
vehicle group the percentage of mice with proteinuria progres-
sively increased over time, averaging 33%, 60% and 80% at 6, 8
and 10 months of age, respectively. Treatment with bindarit at the
oral dose of 50 mg/kg, started at 2 months of age, delayed the
onset of proteinuria. Actually, at 6 and 8 months of age the
percentage of bindarit-treated mice with heavy proteinuria was
significantly (P , 0.005) lower than that of mice given vehicle (6
months, 0% vs 33%; 8 months, 7% vs 60%). At 10 months the
percentage of proteinuric mice in the bindarit group was still
lower than in vehicle group (53% vs. 80%), although a statistical
significance was not reached.
Analysis of proteinuria performed on Tmax and Cmax showed a
significant difference (P 5 0.006) between bindarit and vehicle
treatment for Tmax only.
Effect on renal function. As shown in Figure 1 renal function, as
evaluated by serum BUN measurement, was normal up to 6
months of age in both vehicle and bindarit-treated mice. In vehicle
group renal function progressively deteriorated as reflected in
elevation of BUN values (8 months, 127 6 42; 10 months, 140 6
37 mg/dl). By contrast, bindarit significantly protected from renal
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function impairment over time (serum BUN: 8 months, 30 6 3
mg/dl; 10 months, 53 6 5 mg/dl; P , 0.05 vs. vehicle).
Effect on anti-DNA antibodies. At 2 months of age, before
treatment, serum levels of circulating anti-DNA antibodies were
similar in both groups of mice (, 24 U/ml). As shown in Figure 2,
NZB/W mice given vehicle exhibited increasing levels of anti-
DNA antibodies over time. The appearance of anti-DNA anti-
bodies was instead delayed by bindarit treatment (6 months,
bindarit 34 6 10 vs. vehicle 72 6 25 U/ml; 8 months, bindarit
129 6 16 vs. vehicle 228 6 41 U/ml; P , 0.05; 10 months, bindarit
195 6 41 vs. vehicle 213 6 64 U/ml).
Effect on survival. Figure 3 shows the survival curves of vehicle
and bindarit-treated mice. At 10 and 11 months the percentage of
survival for vehicle group was 40%. Bindarit significantly (P ,
0.0001) prolonged survival of NZB/W mice so that at 10 and 11
months of age 87% and 80% mice still survived. Starting from 12
months of age the two groups showed a similar mortality.
NZB/W mice treated with bindarit gained weight in a similar
manner to mice given vehicle (body weight at 10 months, bindarit
Fig. 1. A. Effect of bindarit (50 mg/kg) on cumulative percentage of proteinuria >3 mg/day in NZB/W mice at different months of age. Treatment
started at 2 months of age. Each point reflects the current level of proteinuria in surviving mice as well as the last measurement in deceased mice. *P ,
0.005 vs. vehicle. (B) Serum BUN levels in NZB/W mice orally given bindarit (50 mg/kg, u) or vehicle (h) at different months of age. Values are
expressed as mean 6 SE. °P , 0.05 vs. vehicle at corresponding time.
Fig. 2. Serum levels of anti-DNA antibodies in NZB/W mice orally given
bindarit (50 mg/kg, u) or vehicle (h) at different months of age.
Treatment started at 2 months of age. Values are expressed as mean 6 SE,
*P , 0.05 vs. vehicle at corresponding time.
Fig. 3. Survival rate in NZB/W mice orally given bindarit (50 mg/kg, F)
or vehicle (E) from 2 months of age. Bindarit significantly (P , 0.0001)
prolonged life survival in respect to vehicle.
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33 6 1 vs. vehicle 34 6 1 g), thus indicating a general tolerability
of bindarit in lupus mice.
Effect on renal morphology. Light microscopy analysis of kidneys
from 2- and 6-month-old NZB/W mice did not show significant
changes. Only a mild endocapillary hypercellularity was observed
in vehicle group at 6 months of age. As shown in Table 1 bindarit
significantly reduced signs of renal damage. Thus, at 8 and 10
months in NZB/W mice treated with bindarit endocapillary and
extracapillary hypercellularity were less severe than in vehicle
group. Immune-type subendothelial deposits in the mesangium
and on subendothelial aspect of glomerular basement membrane
were less pronounced. Of note, interstitial inflammation and
fibrosis and tubular damage were significantly reduced by treat-
ment.
As shown in Table 2 by immunofluorescence no significant
deposits of IgG, IgM and C3 were detected in the glomeruli,
tubules, interstitium and vessels of 2-month-old NZB/W mice. At
6 months in vehicle group few deposits of IgG, IgM and C3 were
detected in the mesangium and in the glomerular capillary wall.
No deposits were observed in the tubules, interstitium and vessels.
This pattern was identical in the bindarit group. At 8 and 10
months in both vehicle and bindarit-treated mice there were
diffuse granular deposits of IgG, IgM and C3 in the mesangium
and in the glomerular capillary wall. Again, no significant deposits
were observed in the tubules, interstitium and vessels.
Ultrastructural analysis of renal biopsies from vehicle group
revealed the presence of inflammatory cells accumulating in the
glomerular capillaries and numerous mesangial, subendothelial,
intramembranous and subepithelial electron dense deposits at 8
and 10 months. These findings agree with previously published
observations in this model [32, 33]. At these time points in
bindarit-treated mice the number of inflammatory cells in the
glomerular capillary lumina was lower than in vehicle group, while
the amount of glomerular electron dense deposits was not differ-
ent.
Effect on renal MCP-1 gene expression. The time course of renal
MCP-1 gene expression, monitored by Northern blot analysis, in
vehicle and bindarit-treated NZB/W mice is given in Figure 4. A
single 0.7 kb MCP-1 mRNA transcript of very low intensity was
detected in kidneys from 2-month-old NZB/W mice. Message
levels increased markedly over time. Thus, as revealed by densi-
tometric analysis of the autoradiographic signals renal MCP-1
Table 1. Preventive study. Renal histology in NZB/W mice given vehicle (V) or bindarit (B)
Endocapillary
hypercellularity
Extracapillary
hypercellularity
Immune
deposits
Tubulointerstitial
damage
V B V B V B V B
Month 8
21 21 0 11 11 21 11 21
21 0 0 0 0 0 0 11
21 21 11 0 11 21 21 21
21 11 11 0 21 0 21 0
21 21 11 0 21 11 31 11
11 11 0 0 11 0 0 0
11 11 0 0 11 0 0 0
21 11 0 0 11 0 11 0
21 11 0 0 21 0 11 0
21 11 11 0 31 0 31 0
21 11 0 0 0 0 0 0
Mean 1.9 1.2a 0.4 0.1 1.3 0.5b 1.3 0.6b
Month 10
11 11 11 0 11 0 21 0
21 21 11 11 21 21 21 21
21 11 11 0 11 0 11 0
11 21 0 11 11 31 11 31
21 0 11 0 31 0 31 0
21 11 11 11 31 31 31 31
21 11 11 0 31 11 31 0
21 11 11 11 21 31 21 21
21 21 31 11 31 11 21 11
21 21 0 0 11 11 11 11
21 21 11 0 21 11 21 11
21 21 21 11 31 31 31 21
11 21 0 11 11 21 0 11
21 21 21 0 11 21 21 11
Mean 1.8 1.5 1.1 0.5b 1.9 1.6 1.9 1.2a
Data are reported as mean scores.
a P , 0.01, b P , 0.05 vs. vehicle at corresponding time
Table 2. Preventive study. Effect of bindarit on glomerular deposition
of immunoglobulin and complement
Months of age Treatment IgG IgM C3
6 Vehicle 1.3 (1–2) 1.0 1.0 (0–2)
Bindarit 1.5 (1–2) 1.0 (0–2) 1.0
8 Vehicle 2.2 (2–3) 1.7 (1–2) 3.0
Bindarit 2.0 (2–3) 1.1 (1–2) 2.4 (1–3)
10 Vehicle 1.7 (1–3) 1.0 2.8 (2–3)
Bindarit 1.9 (1–3) 1.2 (1–2) 2.8 (2–3)
Data are reported as mean scores. Range is in parenthesis.
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mRNA levels in 6-, 8- and 10-month-old mice were 2-, 7- and
12-fold higher, respectively, than those of 2-month-old mice.
Bindarit treatment completely prevented MCP-1 up-regulation in
respect to mice given vehicle at all time points considered.
Experiment 2: therapeutic study
Effect on lupus mice survival. As shown in Figure 5 treatment of
bindarit when started in 4.5-month-old NZB/W mice significantly
improved survival in respect to untreated control mice, in a
dose-dependent manner (0.25% bindarit vs. control, P , 0.024;
0.5% bindarit vs. control, P , 0.0003; bindarit 0.5% vs. bindarit
0.25%, P , 0.0024). At 8 months of age 94% and 100% mice
treated with 0.25% and 0.5% bindarit, respectively, were alive as
compared with 47% of untreated control mice. At 12 months the
percentage of survival in 0.25% bindarit group was 31%, in 0.5%
bindarit group was still 75% versus 12% of controls. At 13 months
all mice treated with 0.25% bindarit and all controls died, whereas
56% of mice given the highest dose of bindarit still survived.
Effect of bindarit combined with low dose steroid on lupus
mice survival.
Combined administration of 0.5% bindarit with low dose MPS
(1.5 mg/kg) significantly prolonged survival of lupus mice as
compared with bindarit alone (P , 0.023; Fig. 6). Thus, at 14.5
months of age when all NZB/W mice given bindarit died, 50% of
mice given the combined therapy were alive. Survival curve of
NZB/W mice treated with MPS was not significantly different
from that of controls, which was consistent with previous data by
Gelfand et al [25].
Effect of bindarit combined with low dose steroid on renal
histology.
Since we performed survival studies, morphologic analysis was
made on renal biopsies taken from terminally ill NZB/W mice.
Therefore analysis of renal tissue was performed at different times
for each group. Thus median survival of mice treated with the low
dose steroid was 10 months, while median survivals of mice
treated with bindarit alone or combined with MPS were 14 and
14.5 months, respectively. As shown in Figure 7, bindarit-treated
mice exhibited glomerular and tubulointerstitial changes as severe
as mice treated with MPS, but these lesions were dectable 4
months later than in animals given steroid alone. By contrast,
combined administration of bindarit with low dose MPS resulted
in an amelioration of renal morphology, with glomerular and
tubulointerstitial changes significantly less severe than in mice
treated with bindarit alone.
DISCUSSION
Here we evaluated in lupus prone mice the effect of bindarit, a
molecule that selectively and very effectively reduces chronic
inflammation in experimental models of autoimmune arthritis [21,
22]. In NZB/W mice bindarit, which was given chronically from 2
months of age, retarded renal manifestation of lupus and remark-
ably prolonged life as compared to animals given vehicle alone.
Fig. 4. A. Time course of renal expression of
MCP-1 mRNA in NZB/W lupus mice given
bindarit (50 mg/kg) or vehicle. Northern blot is
representative of N 5 3 experiments. mRNA (7
mg) obtained from pooled kidneys of NZB/W
mice of different months of age was blotted onto
synthetic membranes which were hybridized
sequentially with a32P-labeled murine JE/MCP-1
(top) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (bottom) cDNA
probes. (B) Corresponding densitometry of the
autoradiograph reported in A. The optical
density of the autoradiographic signals was
quantitated and calculated as the ratio of MCP-1
to GAPDH mRNA. The mRNA levels of 6, 8,
and 10 months for vehicle group were calculated
by assuming the optical density of 2 months as
unit. For the bindarit group mRNA levels were
calculated by assuming the optical density of
controls (vehicle group) of each corresponding
time as unit. Symbols are: (h) vehicle; (o)
bindarit.
Zoja et al: Bindarit in murine lupus 731
Specifically, bindarit delayed the onset of proteinuria to a signif-
icant extent, protected from renal function deterioration and
retarded autoantibody production. In bindarit-treated mice glo-
merular and tubulointerstitial changes appeared less severe over
time than in vehicle group as indicated by reduced glomerular
hypercellularity and limited signs of inflammation in glomeruli
and interstitium.
Inflammatory cell infiltration in glomeruli and renal intersti-
tium is a prominent feature of experimental and human lupus
nephritis and data are available that the degree of leukocyte
infiltration linearly correlates with the severity of renal dysfunc-
tion [34]. Studies with cell-specific antibody [35] helped to estab-
lish that infiltrating cells were of lymphocyte and monocyte types,
T-lymphocytes being most frequent in the renal interstitium and
Fig. 5. Effect of bindarit on survival of NZB/W mice after initiation of
treatment at 4.5 months of age, a time when immune complex deposition
is actively taking place. Bindarit administered as 0.25% or 0.5% medi-
cated diet significantly prolonged survival in respect to control NZB/W
mice (P , 0.024 and P , 0.0003, respectively), in a dose-dependent
manner (bindarit 0.5% vs. 0.25%, P , 0.0024). Symbols are: (E) control;
(h) bindarit 0.25%; () bindarit 0.5%.
Fig. 6. Effect of combined administration of bindarit (0.5% medicated
diet, ) and low dose MPS (1.5 mg/kg i.p., ) on survival of NZB/W mice.
Treatment started at 4.5 months of age. Combined therapy was signifi-
cantly (P , 0.023) more effective in prolonging survival than bindarit
alone. Symbols are: (E) control; (n) MPS.
Fig. 7. Renal morphological parameters
evaluated on biopsies taken from terminally ill
NZB/W mice treated with bindarit 0.5% (u),
combined therapy (h) or MPS alone (;). Values
are expressed as mean scores 6 SE. *P , 0.05,
**P , 0.01 vs. bindarit alone; °P , 0.03 vs. MPS
alone.
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monocytes in glomeruli. Thus far, the precise mechanism(s)
governing inflammatory cell migration into the kidney is not
known. We have recently documented that in kidneys of NZB/W
mice, gene expression of MCP-1, a potent chemoattractant for
both T-lymphocytes and monocytes [36–38], progressively in-
creased in the kidney with the development of nephritis, and the
absolute amount of this molecule as a function of time paralleled
mononuclear cell accumulation into the interstitial space [12].
Here we explored the possibility that the effect of bindarit of
limiting cell infiltration in kidneys of lupus mice were associated
with a reduction in renal MCP-1 mRNA expression. Northern
blot experiments showed that bindarit completely prevented
MCP-1 up-regulation that instead occurred in mice given vehicle.
This finding can be taken to suggest that the beneficial effect of
bindarit of delaying the clinical expression of lupus nephritis could
be, at least in part, related to its effects of limiting renal MCP-1
synthesis, thus reducing the signaling pathway by which inflam-
matory cells are recruited into renal interstitium and glomeruli.
That bindarit can directly modulate MCP-1 is consistent with in
vitro experiments that gene expression and actual production of
MCP-1 in human peripheral blood mononuclear cells activated by
LPS [39] are remarkably reduced by exposing cells to concentra-
tions of bindarit that can be easily reached in vivo by the dosages
used in our experiments. Evidence is also available that bindarit
potently reduced IL-6 secretion in cultured human mesangial cells
stimulated by LPS [39]. This effect can occur in vivo in humans as
indicated by preliminary data that patients with lupus nephritis
(N 5 10, WHO classes III and IV) given bindarit (600 mg twice a
day for 8 weeks) had a reduction in proteinuria and their excessive
urinary excretion of IL-6 also returned to normal [40].
Another finding of the present study was that bindarit exerted
beneficial effects also when given as a therapeutic rather than
preventive treatment. Actually, treatment initiated at 4.5 months
of age, when immune complex deposition is actively taking place
[24], resulted in a significant prolongation of the lupus mice
lifespan. With the attempt to evaluate whether bindarit can help
“sparing’ steroids that gave major problems even today to patients
with lupus nephritis, we designed experiments combining it with
low dose steroid. Given to 4.5-month-old NZB/W mice, such a
combination appeared even more effective than bindarit alone in
prolonging survival, and the data suggest more a synergistic than
an additive effect since low-dose steroid alone has only minor
effects on survival [25] that did not reach a statistical significance
in the present study. Despite the fact that at present we are not in
the position to speculate on the cellular and molecular basis
underlying this interaction, the finding will have in the near future
obvious clinical implications should ad hoc trials document that
the case of bindarit as steroid sparing drug can be made in
humans.
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